Introduction
Society has responded to the hazard of fire in build property in many ways. They include fire brigades, insurance, building regulations, education on fire hazards, controls on construction products and the design of buildings to resist the effects of fire (e.g., Vaidogas, Juocevicius, 2008a) . The level of fire safety and protection in buildings reflects the general economic, social and cultural features of society.
The regulatory control of fire protection measures has mainly been achieved through a framework of prescriptive design requirements (SFPE, 2002; Hasofer et al., 2007) . These requirements generally relate to the provision of compartments with prescribed levels of fire resistance, the selection of building materials, the provision of escape facilities. The prescriptive requirements do not take sufficient account of the effectiveness of active fire protection measures such as sprinklers, ventilation systems and fire alarms. Prescriptive requirements, if enforced rigidly, can lead to costly over-design, particularly for some large and complex buildings (Ramachandran, 1998) .
A viable substitute for prescriptive approach is fire risk indexing and fire risk assessment (SFPE, 2002; Rasbach et al., 2004; Hasofer et al., 2007; Sakenaite, Vaidogas, 2010) . This risk-based approach can produce alternative fire protection strategies, including combinations of passive and active measures which can provide equivalent levels of safety for life and property. From among such strategies, a property owner may select one which is economically optimum in terms of the costs and benefits involved.
Selecting the most cost-effective fire protection strategy would be a simple task for an economist with experience of practical applications. It may, however, be a complex and confusing exercise for a fire safety engineer or property owner (manager) confronted with several options that satisfy acceptable safety levels for life and property. Selected fire protection options should then be considered in combination with insurance options.
Economic decisions about fire safety in buildings can be made by a wide range of interested parties (Ramachandran, 1998) : authorities on national level; insurers; building designers (architects); manufacturers of fire protection systems; property owners and buyers. The decision can be simply enforced by the requirements specified in fire regulations, codes, and standards. In this case, the decision will be relatively simple. For instance, the building owner will have no choice as to install sprinklers. However, the restrictions imposed by legal requirements on the one hand and diversity of fire safety solutions on the other hand may lead to the necessity to choose among several alternative solutions. This leads to the need to consider simultaneously many, sometimes conflicting, attributes of alternative solutions and then to choose the best one by applying methods of the multi-attribute selection (MAS). The field of MAS is also known as multi-criteria decision making (MCDM), multi-attribute decision analysis (MADA), and multi-attribute utility theory (Figuera et al., 2005) .
There exists some knowledge on the subject of safetyrelated applications of MAS. Measures of reliability and risk have been incorporated into the decision matrix of MAS problem by Vaidogas (2003 Vaidogas ( , 2006 Vaidogas ( , 2007 , Vaidogas and Hayashi (2007) , Juocevicius (2008ab, 2009 ), Vaidogas (2008, 2009) . In one instance, components of the decision matrix of MAS was constructed using components of fire risk (Zavadskas, Vaidogas, 2009) .
Methods of MAS were applied to solve specific fire safety problems in the areas of forest fire management (Iliadis, 2005; Diaz-Balteiro, Romero, 2008; Ananda, Herath, 2009 ) and territorial fire fighting planning (see the surveys by Behzadian et al., 2010, Farahani et al., 2010 and references therein) . A MAS method known as the analytic hierarchy process (AHP) was used for the attribute ranking (weighting) in the development of the so-called Edinburgh method which, in turn, was used to develop a fire risk index (Rasbach et al., 2004) . Zhao et al. (2004) used a stochastic version of AHP to rank fire safety attributes. To the best of our knowledge, the only application of MAS, which has incorporated fire safety attributes into a multi-attribute evaluation of buildings, was proposed by Wong et al. (2008ab) . They included characteristics (indicators) of fire detection and alarm systems among a large number of indicators of an intelligent building and then applied two MAS methods, AHP and a related method called the analytic network process (ANP), to rank these indicators. However, Wong et al. did not formulate and solve the general problem of MAS based on a decision matrix and did not explicitly consider fire safety to be a goal of an operation of intelligent building.
There exists vast literature devoted to economics of fire safety (see, e.g., Ramachandran, 1998) . Some authors consider in detail the economic aspects of fire safety systems and their findings come close to the problems of MAS; however, they did not apply MAS formally (e.g., Brown, 2005; Buttry et al., 2007) . On the other hand, there are numerous publications devoted to an application MAS to decision-making concerning buildings, building systems and construction in general (e.g., Norris, Marshall, 1995; 2009abc; Park et al., 2009; Turskis, 2008; Turskis et al., 2009; Liaudanskiene et al., 2009 ). As fire safety systems are widely used in buildings and fire is the dominating hazard in most of them, this body of knowledge is natural environment to incorporate characteristics of fire safety systems into MAS problems. This paper presents an attempt to formulate and solve several MAS problems which include the attributes related to fire safety and which can be of interest to parties on several levels of decision-making. The MAS problems are formulated from the viewpoint of property owner, property buyer, and architect (designer).
Economics of fire protection in multi-attribute decisions of property owner's

Types of decisions
Among the potential decision-makers, building owners and, sometimes, building renters are interested parties who have to carry the direct costs of providing passive and active fire protection measures. These measures can be required by fire safety regulations, codes and standards or, alternatively, can be applied voluntarily as a result of selfdiscipline (self-regulation).
It is obvious that decisions related to the choice of specific fire protection measures will require economic analysis, such as life-cycle costing and expenditures on insurance against fire (Dewar, 2001; Brown, 2005) . However, these measures are characterised also by noneconomic attributes, for instance, performance, effectiveness, and reliability (Rasbach et al., 2004) . After all, fire protection measures are safety-related, risk-reducing building systems which can not be described by economic attributes alone.
In many cases, the decision-maker will be faced with the possibility or necessity to choose among several fire protection measures by taking into account not only economic attributes of them. Typical situations of choice can include the following alternatives:
1. to install some fire protection measure(s) or not to install any measure(s); 2. to install only one specific protection measure or several measures, for instance, sprinklers or automatic detectors alone, or both sprinklers and detectors; 3. to choose among several types of a specific safety measure, for example, among several sprinkler types (dry-pipe sprinklers, wet-pipe sprinkles, etc.); 4. to choose among several producers (importers) of specific equipment used as a fire protection measure; 5. to choose among more complicated alternatives which can include specific combinations of fire protection measures as well as the alternative of "doing nothing" (not installing any fire protection if this is allowed by regulations) mentioned in the first alternative. Each of these situations is amenable to a formal expression as a MAS problem. Economic attributes and attributes expressing standard technical characteristics of fire protection measures can be a natural part of this problem. However, the MAS problem should also include attributes which directly or indirectly express the risk posed by potential fire. Fire protective measures are installed to reduce this risk and eventually their effectiveness should be measured in terms of risk reduction.
Example: choice among fire protection measures
A hospital administration is choosing fire protection system for retrofitting one of its buildings. It wants to improve fire safety in the building where patents with impaired movement capabilities stay. This physical condition can result in the problems with evacuation of patents and, in part, personnel in case of fire. The administration seeks to reach the maximum level of fire safety, but at the same time it does not want to appear as being uneconomic in its choice of fire protection. Furthermore, the administration does not want to impair the continuous operation of the hospital building.
The alternatives used in the problem represent four alternative variants of installing two fire protection measures. For simplicity, the alternatives are referred to as A, B, C, and D:
A: smoke detectors and alarm in corridors only; no sprinklers; B: smoke detectors and alarm in the total space of building; no sprinklers; C: smoke detectors, alarm and automatic sprinklers in corridors only; D: smoke detectors, alarm and automatic sprinklers covering the total space of building.
These four alternatives will be used in the MAS decision matrix shown in the shaded area of Table 1 .
The hospital administration selects five attributes a1, a2, … , a5 for evaluating the fire safety systems. The economics is taken into account by the first budged requirements of each system (attribute a1). The fire safety is expressed quantitatively by the fire safety index IFSES (attribute a2). This index is widely used for the evaluating and ranking of hospitals in terms of fire safety (e.g., SFPE, 2002; Rasbach et al., 2004) . As IFSES does not take a direct account of possible fire damage to people and property, two additional attributes are introduced to express the fire system effectiveness: the expected number of victims, a3, and the relative estimate of the value of property damaged by fire despite or in consequence of protective system operation, a4. The values of a3 and a4 can be estimated by means of a coupled modelling of building evacuation and spread of fire in it (Hostikka et al., 2007; Machado Tavares, Galea, 2009) .
Finally, the desired smooth operation of the hospital building during the system installation is expressed by the attribute a5. Values of this attribute can be obtained by a detailed consideration of timing and technology of installation of fire protective measures.
The difference in significance of the attributes a1 to a5 is expressed by assigning the common weight of 0.5 to economy-related attributes a1 and a5 and the equal common weight 0.5 to the safety-related attributes a2 to a4 (the significance of economy is equated with significance of safety). A further division of these fifty-fifty weights is presented in Table 1 by the weights w1 to w5. The relatively large weight of the safety index a2 is due to the ability of this quantity to reflect various factor influencing fire safety. The values of wi (i = 1, 2, … , 5) were assigned subjectively. If necessary, a number of formal, albeit not fully subjectivity-free, methods can be used for specifying wi (Triantaphyllou, 2000; Wong et al., 2008ab; Zavadskas et al., 2010) .
The AHP method was applied to rank the alternatives A to D. The eigenvector of relative importance or value of A, B, C, and D is (0.441, 0.215, 0.200, 0.139) . This yields the following ranking of alternatives D C A B. The commercial AHP software code Expert ChoiceTM was used to work this problem (Expert Choice Inc., 2010).
Fire safety in multi-attribute decisions of property buyers
Fire safety measures in building-related MAS
The five problems listed in the previous section consist in a selection among fire protection measures on a detailed level of characteristics of these safety systems. A provision of these measures influences the fire safety of the entire building. As fire is the main physical hazard threatening most of built property, the property buyer may be interested in attributes expressing the fire safety when he/she makes choice on a more general level, namely, among several buildings.
Fire safety attributes should depend on the main factors influencing the risk of fire. They can be used along with economic attributes as well as non-economic attributes which are not directly related to fire safety.
A list of the attributes that most decision makers find important in building decisions was suggested by Norris and Marshall (1995) and is presented in Table 1 . The list contains 15 attribute groups which can be classed as follows:
I. Attributes of economic nature can constitute the first class (attribute groups 1 and 2, Table 1 ). Table 1 The decision matrix (shaded cells) composed for the choice among fire protection systems in hospital
Alternative safety system
Cost of system (1) 
Value of dama-ged property (2) , a4 (Melinek, 1993) -265 -II. Attributes belonging to the second class express the functionality and environment of building alternatives (attribute groups 3 to 13, Table 1 ). III. The third class of attributes is related to specific characteristics of building alternatives, namely, reliability and security (attribute groups 14 and 15, Table 1 ). Reliability has a clearly defined aspect of safety. For instance, unreliable elevators can fail and cause accidents involving harm to occupants and visitors. Reliability is also related to fire safety, because building equipment failures can cause ignitions which in turn can escalate into fires. However, reliability alone is insufficient to express the risk of fire. In our opinion, the attribute list from Table 1 should be supplemented by at least two attribute groups (attributes) which take into account the hazard of fire: fire safety and proximity of the fire brigade with respect to the building under analysis. Rasbach et al., 2004) . The risk of fire is expressed by a risk profile (likelihoodoutcome pairs). In a more concentrated form, the risk profile can be expressed by the vector of expected severities se (Yung, 2008): where sei is the ith expected severity (e.g., expected property losses, expected number of victims, etc.); m is the number of components of severity vector s; n is the number of fire scenarios; lr is the likelihood of the scenario r; and sir is the severity i related to the fire scenario r. Components of the vector se fit naturally into the framework of MAS and can be used as MAS attributes (Zavadskas, Vaidogas, 2009 ). Some of these components can be quantities of economic nature and so can be used as economic attributes. For instance, se1 can be direct monetary losses due to fire and se2 can be consequential losses due to loss of production, of trade, of market share.
The estimation of the quantities lr and sir is often a non-trivial task and it is highly probable that fire risk indices and not the formal expression of risk will be preferred by practitioners. Several risk indices are used worldwide for the evaluation of fire safety. However, the choice among them should not pose a problem because the use of individual indices is specific to individual countries and, in some instances, to the type of build property (Šak÷nait÷, Vaidogas, 2010) . Lithuania does not have the practice of applying fire risk indices.
"Fire safety" is related to economic attributes, because fire protection measures require investments for purchasing and installing sprinkler systems, fire alarms, smoke, flame or thermal (heat) detectors, etc. "Fire safety" is also related to another economic aspect, namely, fire insurance. In many countries, insurance companies offer a significant discount on their premiums for installation of fire protection measures (e. g., SFPE, 2002; Yung, 2008) . Thus the MAS attributes used to the quantification of fire safety will be dependent on economic ones.
A natural measure of the attribute "Fire brigade" is the time to the arrival of fire fighters in case of fire or, alternatively, distance to the nearest fire station. In some fire risk indices, this distance is incorporated into the expression of fire risk index and the attribute "Fire brigade" becomes redundant. An example of such an index is the so-called FRAME index (FRAME, 2010) .
The inclusion of additional attributes into Table 1 depends on other perceived needs of the decision maker. The list of attributes can be made also for solving specific selection problems. For instance, Wong et al. (2008ab) proposed a list of attributes (intelligent indicators) for the appraisal of intelligent building systems. They can be included in the traditional decision matrix of MAS.
Example: choosing a building for nursing home
A state agency needs, within 6 months, a building for nursing home. It seeks a location of 20-60 minutes from the city centre. It has also requirements for basic utilities which allow functioning of the nursing home and special building functions, such as a suitable layout of rooms and availability of elevators or possibility to install them. The agency is also aware of fires in nursing homes which occurred in previous decades and had heavy death toll. Thus, the high level of fire safety will limit the search along with the location and building function requirements. Having up to 6 months to occupy does not allows to construct a new building and the choice is to be made among existing buildings which can be retrofitted in terms of utility and, if necessary, fire safety.
An MAS analysis can help the agency to choose the building by taking into account the ten attributes a1, a2, … , a10 explained and evaluated in the decision matrix shown in Table 3 . These attributes are grouped in three classes I to III listed above. As the fire safety plays an important role in the exploitation of nursing home, the largest common weight was assigned to the class III attributes, whereas the common weights assigned to class I and class II attributes were equal to 0.25. The weights subjectively assigned to individual attributes, wi, are given in Table 3 .
The numerical values of the economic attributes a1 to a3 given in Table 3 are hypothetical ones and are used only as an example. The main fire related attribute a8 is the socalled Gretener's index denoted here by IG. It is the first of a series of fire risk indices and it was used in many countries since 1960s (Kaiser, 1980) . Values of IG are considered to be acceptable when they do not exceed 1.3 (Rasbach et al., 2004) . As IG is a universal and comprehensive measure expressing the fire safety of building, this index can be used as MAS attribute. The attributes a9 and a10 are also related to fire safety. They were added as "auxiliary" measures of fire safety because the index IG does not involve explicitly neither evacuation time nor distance to nearest fire station.
The AHP method was applied to rank the alternatives A, B, and C. The eigenvector of relative importance of A, B, and C obtained by this method is (0.427, 0.260, 0.313). This allows to rank the alternatives as follows: A C B.
Fire safety indicators in multi-attribute decisions made by architect/designer
Fire-specific attributes
Multi-attribute decisions involving economics and fire safety can be required at an early stage of building design. In most cases, the design will include a provision of passive fire protection measures which are required by fire codes, prescriptive or performance based ones (e. g., SFPE, 2002) . The fire codes specify testing, rating, and measuring fire properties of construction products. An example of the prescriptive based design codes (currently in use in many countries) for passive fire protection is the specified fire resistance rating for interior walls (for instance, fire resistance classes 0 and 1 to 4 in UK and seven main Euroclasses A1 to F) (Harper, 2004) . We think that characteristics of fire performance of construction products specified in the fire codes fit naturally into MAS and can be used as continuous and categorical MAS attributes.
Decisions concerning construction products involve many, sometimes, conflicting attributes which must be juggled simultaneously Zavadskas et al., 2009b) . The attributes related to fire safety do not have a priory right to be preferred to economic or performance-related ones. However, MAS provides an excellent format for architect (designer) to embed the performance in fire in the choice among building materials and construction products.
Example: choosing among building partitions
We will modify the example situation proposed by Norris and Marshall (1995) , in which an architect is working with clients to select materials for the partitions of a large office building. The clients tell the architect that they want partitions made from materials that are friendly Table 3 The decision matrix (shaded cells) used for the choice of a building for a nursing home to the environment. However, the clients do not want the building functions to be compromised by the design of partitions or choice of their materials. First of all, they are interested in good performance of partitions in terms of sound insulation and fire safety. The clients go on to say that, while they are willing to spend more money on materials to achieve a "green building", cost is still consideration. The situation just outlined can be formalised as a MAS problem. The potential number of alternatives in this problem can be large because the construction industry proposes a variety of building partition solutions. To simplify the example, the choice among alternative solutions will be restricted by the four solutions A, B, C, and D consisting of assemblies of building boards and wall linings described in Table 4 .
The alternative solutions of partitions are characterised by MAS attributes a1 to a6 evaluated in the decision matrix given in Table 5 . The economic attribute a1 is the cost of partition and the attributes related to the fire performance of the partition are represented by the combustibility class of its board, a2, and flashover time of the partition lining, a3. The internal partitions of walls and ceilings should be Class 0 materials wherever possible and must not exceed Class 1 (e.g., Hughes, Ferrett, 2007) . Class 1 materials present the slowest speed of flame among four classes. Class 0 material must be Class 1 and must not contribute greatly to the propagation of fire. Thus Class 0 material should be preferred to Class 1 material in a pairwise comparison. The attribute a3 expresses the effect of wall linings on the growth of a fire and occurring of a flashover (a fire in an enclosed room that fosters the buildup of heat).
As in the previous examples, the solution of the MAS problem started from a subjective assignment of the weights wi to the attributes. A common weight of 0.7 was assigned to the economic attribute a1 and the attributes expressing the environmental impact of partition materials, a5 and a6. The weight of 0.1 was assigned to each of the remaining attributes a2 to a4.
The AHP method was applied to rank the alternatives A, B, C, and D. The eigenvector of relative importance of A, B, C, and D obtained by this method is (0.178, 0.575, 0.191, 0.057) . This allows to rank the alternatives as follows: B C A D.
Conclusions
The problem of making economic decisions about the fire protection of built property has been considered. The problem was formulated as a task of multi-attribute selection (MAS), a decision-making methodology known also as multi-criteria decision-making (MCDM). Three MAS problems were identified, formulated and solved as examples. The problems differ in the level of detail, in which the alternatives of MAS and their attributes are considered: the problem of selection among buildings, choice among alternative measures of active fire protection and selection among building components (partitions) expected to exhibit some fire resistance. In all these problems, MAS attributes related to fire safety were considered together with economic attributes as well as attributes which describe non-economic performance of alternatives.
The main finding is that MAS attributes related to fire safety can be introduced into MAS problems with relative ease. In addition, the vast field of fire safety engineering has well-developed means used to characterise the Table 4 Alternative designs of building partitions considered in the selection problem stated in Table 5 Alternative partition 
Environmental impact Combustibilit y class Flashover time (2) Embodied ernergy (4) , MJ/kg Recycling potential (5) The MAS attributes of economic nature can be used in decision problems in a passive way, namely, by a simple assignment of cost estimates to fire protection measures or property involving such measures. A more subtle introduction of economic characteristics related to fire safety can be done through a formal expression of risk posed by a potential fire. The severity of fire damage is evaluated, among other measures, by monetary losses. The risk can be expressed though the expected monetary losses and these can be used as economic attributes in decision problems which involve fire safety. This paper did not consider the role of insurance in a decision-making related to fire safety. We are aware that insurance plays an important role in providing fire safety. However, a detailed analysis of fire insurance within the formal framework of MAS lay beyond the scope of the present paper.
